
TRADE AND GENERIC NAMES OF DRUGS

Neosporin® .Polymyxin B-Bacitracin-Neomycin

REFERENCES
1. Zimmerman B:'Intravenous tubing for parenteral therapy. Science

101:567-568, 1945
2. Meyers L: Intravenous catheterization. Amer J Nurs 45:930-931,

1945
3. Duffy BJ Jr: Clinical use of polyethylene tubing for intravenous

therapy-Report on 72 cases. Ann Surg 130:929-936, 1949
4. Bonner CD: Experience with plastic tubing in prolonged intra-

venous therapy. New Eng J Med 245:97-98, 1951
5. Bansmer G, Keith D, Tesluk H: Complications following use of

indwelling catheters of inferior vena cava. JAMA 167:1606-1611, 1958
6. Cheney FW Jr, Lincoln JR: Phlebitis from plastic intravenous

catheters. Anesthesiology 25 :650-652, 1964
7. Moncrief JA: Femoral catheters. Ann Surg 147:166-172, 1958
8. O'Neill JA Jr, Pruitt BA Jr, Foley FD, et al: Suppurative throm-

bophlebitis-A lethal complication of intravenous therapy. J Trauma
8:256-267, 1968

9. Bogen JE: Local complications of 167 patients with indwelling
venous catheters. Surg Gynec Obstet 110:112-114, 1960

10. Druskin MS, Siegel PD: Bacterial contamination of indwelling
intravenous polyethylene catheters. JAMA 185:966-968, 1963

11. Phillips RW, Eyre JD Jr: Septic thrombophlebitis with septice-
mia-Report of three cases due to Staphylococcus aureus infection after
the intravenous use of polyethylene catheters for parenteral therapy.
New Eng J Med 259:729-731, 1958

12. Smits H, Freedman LR: Prolonged venous catheterization as a
cause of sepsis. New Eng J Med 276:1229-1233, 1967

13. Wellman KF, Reinhard A, Salazar EP: Polyethylene catheter
embolism-Review of the literature and report of a case with associated
fatal tricuspid and systemic candidiasis. Circulation 37:380-392, 1968

14. Deering RB, Stemmer EA, Connolly JE: Complications of in-
dwelling venous catheters, with particular reference to catheter embo-
lism. Amer J Surg 114:259-266, 1967

15. Brown CA, Kent A: Perforation of right ventricle by polyethy-
lene catheter. Southern Med J 49:466-467, 1956

16. Turner DD, Sommers SC: Accidental passage of a polyethylene
catheter from cubital vein to right atrium-Report of a fatal case. New
Eng J Med 251:744-745, 1954

17. Breed RS, Murray EGD, Smith NR: Bergey's Manual of De-
terminative Bacteriology (7th ed.). Baltimore, Williams and Wilkins
Co, 1957

18. Isenberg HD, Berkman JI: Recent practices in diagnostic bac-
teriology, In Progress in Clinical Pathology. New York, Grune and
Stratton, Inc, 1966

19. Bailey WR, Scott EG: Diagnostic Microbiology-A Textbook
for the Isolation and Identification of Pathogenic Microorganisms. St.
Louis, Missouri, V Mosby Co, 1966

20. Bentley DW, Lepper MH: Septicemia related to indwelling
venous catheter. JAMA 206:1749-1752, 1968

21. Moran JM, Atwood RP, Rowe MI: A clinical and bacteriologic
study of infections associated with venous cutdowns. New Eng J Med
272:554-560, 1965

22. Collins RN, Braun PA, Zinner SH, et al: Risk of local and sys-
temic infection with polyethylene intravenous catheters. New Eng J
Med 279:340-343, 1968

23. Cluff LE, Reynolds RC, Page DL, et al: Staphylococcal bacter-
emia and altered host resistance. Ann Intern Med 69:859-873, 1968

24. Hassall JE, Rountree PM: Staphylococcal septicemia. Lancet
1:213-217, 1959

25. Andriole VT, Kravetz HM, Roberts WC, et al: Candida endo-
carditis-Clinical and pathologic studies. Amer J Med 32:251-285,
1962

26. Louria DB, Stiff DP, Bennett B: Disseminated moniliasis in the
adult. Medicine 41:307-337, 1962

27. Michaels L, Ruebner B: Growth of bacteria in intravenous in-
fusion fluids. Lancet 1:772-774, 1953

28. Michaels L: Cannula sepsis. New Eng J Med 277:433, 1967
29. Worms R: Les complications sepicemiques des catheterisations

intraveineuses prolongees. Bull Soc Hop Paris 117:103-106, Jan 1966
30. Morse LJ, Williams HL, Grenn FP Jr, et al: Septicemia due to

Klebsiella pneumoniae originating from a hand-cream dispenser. New
Eng J Med 277 :472-473, 1967

31. Norden CW: Application of antibiotic ointment to the site of
venous catheterization-A controlled trial. J Infect Dis 120:611-615,
1969

32. Zinner SH, Denny-Brown BC, Braun P, et al: Risk of infection
with intravenous indwelling catheters-Effect of application of antibi-
otic ointment. J Infect Dis 120:616-619, 1969

33. Felig P: Prevention of intravenous loss of catheters. New Eng
J Med 276-1263-1264, 1967

Primary Hyperparathyroidism
Two Cases-Carcinoma and Adenoma-
In a Small Hospital

MARK J. DE MEO, M.D., San Rafael,
NORMAN M. SHAPIRo, M.D., AND

KAZIMIEiRZ W. POMYKALSKI, M.D.,
San Francisco

SINcE ASKANAZY first described an abnormal para-
thyroid in 1904,1 several types of parathyroid dis-
ease have been delineated. Because of the protean
symptoms associated with it, primary parathyroid-
ism is frequently not considered in diagnosis until
the clinical manifestations have completely devel-
oped or serum calcium is determined fortuitously,
as it was in the two cases here presented. In both
cases the patients were admitted for reasons other
than primary hyperparathyroidism, and elevated
serum calcium levels were discovered on routine
admission Chemistry Panel 12 (Technicon SMA
12-60) determinations.
Numerous follow-up studies of primary para-

thyroid disease make the point that adequate cor-
relation of surgical and pathologic findings during
operation can lead to appropriate curative surgi-
cal operation.2-6 All too often this correlation is
not made until after the procedure is finished.
necessitating further operation later.

This presentation will emphasize routine Chem-
istry Panel 12 admission analyses7 and the close
correlation of pathologic and surgical findings at
the time of the first exploratory surgical procedure
for primary parathyroid disease.

Reports of Cases
Case 1. A 68-year-old white woman was ad-

mitted to hospital October 1 1969 for elective re-
pair of a right femoral hernia. Constipation and
vague bone discomfort had been present for some
years. On physical examination no masses were
palpated in the neck. A preoperative Panel 12
(sMA 12-60) determination revealed calcium of
16 mg per 100 ml. Phosphorus was 1.9 mg per 100
ml and alkaline phosphatase was 90 millimoles per
ml. Blood urea nitrogen was 17 mg per 100 ml
and total protein was 6.9 grams, of which albumin
was 4.5 grams. Creatinine was 1.9 mg per 100 ml
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Figure 1.-Parathyroid carcinoma, showing pro-
nounced cellular pleomorphism and trabecular pat-
tern (x250).

and tubular resorption of phosphate was 40 per-
cent (normal 80 to 90 percent). Prednisone was
given, 40 mg a day for 5 days. The serum calcium
remained elevated at 15.6 mg per 100 ml.

Radiographs of the phalanges revealed sub-
periosteal resorption in the distal portions of the
proximal and midphalanges.
On October 11 an exploration of the neck was

performed and a large, rubbery firm, brown-tan
mass was found in the left side of the neck, par-
tially compressing the thyroid gland. The tumor
was somewhat adherent to the recurrent laryngeal
nerve and adjacent tissue, but no frank invasion
was noted. A frozen section of the lesion was pre-
pared and the other glands were identified and
left intact.
The postoperative course was unremarkable for

several days until the serum calcium dropped to
8.4 mg per 100 ml and the patient began to have
signs of tetany and paranoid delusions.8 Treat-
ment was begun immediately with calcium glu-
conate intravenously and large doses of calcium
by mouth, and the serum calcium slowly reverted
to normal. The patient was discharged October
19, and all paranoid delusions slowly cleared.
Serum calcium remained normal for 12 months,
then increased to 13.5 mg per 100 ml.

Pathologisfs Report. The specimen consisted
of a 5 by 4 cm irregularly shaped, rubbery firm,
brown-tan mass appearing roughly encapsulated.
Cut section revealed a variegated appearance
with areas of yellow-tan blending with brown-tan.
Fibrous trabeculae were seen streaking through-
out the parenchyma. The total weight of this
specimen was 13.5 grams. Microscopically (Fig-
ures 1 and 2) the tumor was consistent with para-

Figure 2.-Parathyroid carcinoma, showing tra-
becular-glandular pattern with a centrally located
abnormal mitotic figure (x400).

thyroid origin and had a decidedly variegated ap-
pearance. Some areas showed fairly regular cells
with small, oval, somewhat hyperchromatic nuclei
with eosinophilic cytoplasm. Most of the micro-
scopic fields showed large, fibrous septae scat-
tered throughout the parenchyma. These fibrous
trabeculae separated the tissue into a glandular,
trabecular pattern with individual cells showing
pronounced pleomorphism with spindle-shaped
nuclei and hyperchromatism containing numerous
atypical mitotic figures.9 Distinct invasion of the
capsule was seen in numerous sections.
Case 2. A 68-year-old white woman, a retired

school teacher, was admitted to hospital October
28 1969 for evaluation of severe lower extremity
cramps, increasing constipation and lethargy. No
abnormality was noted on physical examination,
and no masses were palpated in the neck. An x-ray
film of the chest, sigmoidoscopic examination and
radiographic examination of the upper and lower
gastrointestinal tract were negative. Panel 12
(SMA 12-60) studies revealed serum calcium of 13
mg per 100 ml. Phosphorus content was 2.3 mg
and urea nitrogen 23 mg per 100 ml. Total protein
was 6.9 grams per albumin 4.2 grams, alkaline
phosphatase 51 millimoles per ml. The serum cre-
atinine was 1.1 mg per 100 ml. Tubular resorption
of phosphate (TRP) was calculated at 83 percent
by using the formula:

Percent TRP= 100 ( 1-vp x sc ) 10
(vc xsP)

where P= inorganic phosphate concentration
(mg per ml)

c= creatinine concentration (mg per ml)
s= serum
v= volume in ml
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By the method of Chambers et al,10 calcium was
infused in the amount of 15 mg per kilogram of
body weight over a four-hour period. Tubular
resorption was measured again and the results
showed a flat response with no appreciable change
in the TRP rate, indicating an autonomous secre-
tion of parathyroid hormone. Prednisone suppres-
sion, 40 mg a day for five days, was carried out
and the serum calcium remained elevated at 13.1
mg per 100 ml.
On November 7 1969, surgical exploration of

the neck was carried out, and a well encapsulated,
chocolate brown mass was removed from the
right side of the neck. The mass appeared encap-
sulated and not adherent to any of the adjacent
structures. A frozen section of the lesion and a
biopsy specimen and frozen section of a normal
parathyroid were prepared. A diagnosis of para-
thyroid adenoma was then submitted. The post-
operative course was uneventful and the patient
was discharged November 12 1969. The serum
calcium levels thereafter remained within normal
limits and the bone discomfort and constipation
were relieved.

Pathologists Report. The first specimen con-
sisted of a well encapsulated brown-tan 3 by 2 cm
encapsulated mass weighing 2 grams. On section
this specimen was homogeneous and brown-tan.
The second specimen consisted of a 0.5 cm portion
of yellow-tan, rubbery firm tissue.
On microscopic examination the large mass re-

vealed numerous small, compact cells with eosino-
philic, somewhat granular cytoplasm. Numerous
capillaries were seen throughout the mass. In one
section adjacent to the capsule a normal rim of
parathyroid tissue was seen compressed. The
mass was completely encapsulated. The second
specimen consisted of a regular appearing para-
thyroid gland with a normal amount of fat.

Discussion
The pathologic changes of primary hyperpara-

thyroidism are of five classes: primary hyper-
plasia, single adenoma, combined adenoma and
hyperplasia, multiple adenomas with or without
the association of multiple endocrine adenomas,
and carcinoma.2'3'9"'6 Primary hyperplasia aris-
ing de novo or from an unknown stimulus is sepa-
rated into the water-clear cell type described by
Albright"1 and the chief cell hyperplasia more re-
cently described by Cope and others.2'6 The

latter has caused much confusion for pathologists
because of the similar pathologic appearance of
primary chief cell hyperplasia and adenoma. The
distinction between these two is, at times, difficult
if not impossible when only one gland is exam-
ined. Although a functioning adenoma is the most
common parathyroid lesion in patients with pri-
mary hypoparathyroidism,9ll 21619 chief cell hy-
perplasia with or without association with multi-
ple endocrine adenomas occurs with enough fre-
quency to be of practical importance.2'9 Chief
cell hyperplasia usually involves all parathyroid
glands. Therefore, surgical treatment is consid-
erably different than for parathyroid adenoma.3'20
Because excision of an adenoma results in cure21'22
and extirpation of anything less than three and
one-half glands in primary chief cell hyperplasia
will most likely result in continuing or recurrent
hyperparathyroidism,'3 it is of utmost importance
that the surgeon and pathologist work closely to-
gether at the time of the first neck exploration to
evaluate all parathyroid glands with biopsy of at
least the one other parathyroid than that involved
in the lesion.2 Physical characteristics of the gland
-consistency, color and shape and size-are of no
appreciable aid in distinguishing between ade-
noma and chief cell hyperplasia. The microscopic
pattern and cytological appearance are frequently
very similar in adenomas and chief cell hyper-
plasia.'1 The presence of a compressed rim of nor-
mal appearing parenchyma at the margin of an
enlarged gland does give support to a diagnosis
of adenoma, but is not a pathognomonic finding
as it once was thought to be.2 Decreased fat con-
tent and microscopic nodularity, seen so often in
chief cell hyperplasia, can also be of help in the
differentiation. If one gland is enlarged and ade-
nomatous, with or without a compressed normal
rim of tissue, and the remaining glands are normal
or atrophic, adenoma is almost a certainty.2 Dif-
ferentiation by this means necessitates exposure
of all four glands and biopsy of at least one other
gland than the one involved in the lesion, since
primary parathyroid hyperplasia usually affects
the remaining glands. The possibility of multiple
adenomas can be excluded through the careful
identification of all glands and biopsy of any sus-
picious-appearing parathyroids.14'16'22

Primary hyperplasia of the clear cell variety is
rare. The microscopic and cytological patterns
are distinct enough to cause the pathologist no
great problems.9'12"4'23
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The problem of combined adenoma and hyper-
plasia has recently been studied5,13"15 and found
to be distinguishable from the other causes of
parathyroid disease by the procedure just de-
scribed.
Carcinoma of the parathyroid gland is said to

occur in only 3 to 4 percent of all cases of primary
hyperparathyroidism.12"15'24 All parathyroid car-
cinomas are said to be associated with endo-
crinologic activity and well marked bone dis-
ease, 12'1524'25 as in Case 1 herein reported. In that
case the surgeon suspected the neoplasm was ma-
lignant because of the adherence to the recurrent
laryngeal nerve. Adherence to surrounding struc-
tures is often a helpful clue to malignancy in para-
thyroid neoplasms..2'26 It is usually indicative of
capsular invasion, which is one of the criteria for
diagnosis of parathyroid carcinoma.912 In this
respect the criteria for the diagnosis of parathy-
roid carcinoma parallel those for carcinoma of the
thyroid. The neoplasm is so rare that studies of
series big enough to permit interpretation of the
biological activity of this neoplasm have not been
possible. It is thought that the usual spread is
first through lymph channels.'2

Microscopically, parathyroid carcinoma is dif-
ferent from adenoma in a number of ways. As in
adenoma, the pattern is variable. Usually, how-
ever, capsular invasion is found, although that
alone is not sufficient for diagnosis.9"2 Trabecu-
lation and enlarged atypical mitotic figures are
also significant criteria. Mitoses are absent in
adenomas and present in carcinomas.'1224'27 Dis-
tinguishing parathyroid carcinomas from atypical
adenomas may be extremely difficult. Black and
Ackerman9 restricted the diagnosis of carcinoma
to cases in which there is local invasion initially
or distal metastasis. We believe that those criteria
are too restrictive and that relying entirely on
them may give the attending physician a feeling
of overconfidence and delay proper treatment.
The findings of pronounced cellular pleomorph-
ism, mitotic activity and capsular invasion are
more realistic for the diagnosis of parathyroid car-
cinoma.

Summary
Two cases of primary hyperparathyroidism

(adenoma and carcinoma) were discovered seren-
dipitously in a small community hospital by

Chemistry Panel 12 (Technicon, SMA 12-60) de-
terminations. A discussion of the various types of
parathyroid pathology is presented with empha-
sis on the correlation of gross, surgical and patho-
logic microscopic findings at the time of the first
exploratory operation. Also stressed is the biopsy
of more than one gland to differentiate chief cell
hyperplasia from adenoma. The gross and micro-
scopic criteria for the diagnosis of parathyroid car-
cinoma are reviewed.
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